We conducted a literature review on the effect of breastfeeding and dummy (pacifier) use on sudden infant death syndrome (SIDS). From 4343 abstracts, we identified 35 relevant studies on breastfeeding and SIDS, 27 on dummy use and SIDS and 59 on dummy use versus breastfeeding.
INTRODUCTION
Most countries experienced an increased prevalence in sudden infant death syndrome (SIDS) during the 1980s, followed by a dramatic decrease after supine sleeping was recommended as the normal sleeping position for infants around 1990 (1) . In Sweden, SIDS decreased from 1.2 deaths per 1000 live births in 1990 to 0.2 in 2012. The original Swedish advice to parents to reduce the risk of SIDS was updated in 2003, and then, in 2006, new findings regarding dummy (pacifier) use and bed sharing were discussed. In 2014, there was a further need to discuss these factors in greater depth and to revise the advice in accordance with new findings. Moreover, there was a need to convey new information on the prevention of skull asymmetries, which had emerged as a more frequent problem as a result of the campaign to reduce the risk of SIDS and a higher prevalence of supine sleeping.
Since the 1930s (2), there have been discussions about whether bottle-feeding was a risk factor for cot death. Even though studies conducted using meta-techniques (3) pointed towards a protective effect, it was still unclear whether this was due to the physiological effect of breastmilk or whether it was a proxy for socio-economic factors (4) .
The risk-reducing effect that dummy use had on SIDS was shown by in the New Zealand Cot Death Study (5) . Following this, all studies investigating this association have found similar results.
The aim of the present study was to perform a literature review on breastfeeding and dummy use and how they influenced one another and to renew the advice to the Swedish public and to personnel working in hospitals and health services.
METHODS
Literature searches were carried out between spring 2012 and spring 2013, and this identified 4343 abstracts. We reviewed 260 abstracts on breastfeeding and SIDS, and 35 were considered relevant to the research question. When it came to dummy use and SIDS, we reviewed 112, and 27 were considered relevant. As there was a strong negative correlation between breastfeeding and dummy use, we also wanted to study this. We reviewed 301 abstracts, and 59 were relevant. After having read the full papers, we included studies showing effect measures. There were 20 concerning breastfeeding and SIDS, 13 concerning dummy use and SIDS and 21 concerning dummy and breastfeeding (Fig. 1) .
Key notes
We conducted a literature review on the effect of breastfeeding and dummy (pacifier) use on sudden infant death syndrome (SIDS), focusing on more than 100 full texts. Our review found ample evidence that both breastfeeding and dummy use reduced the risk of SIDS. There has been general reluctance to endorse dummy use in case it has a detrimental effect on breastfeeding, but recent evidence suggests it might not be as harmful to breastfeeding as previously believed
RESULTS

Breastfeeding and SIDS
We examined 17 observational studies ( Table 1 ) and found that breastfeeding was reported to have provided a protective effect on SIDS in ten studies (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) . No protective effects were found in the other seven (4, (16) (17) (18) (19) (20) (21) .
All three of the meta-analyses that our search identified (3, 22, 23) showed that breastfeeding had a protective effect on SIDS.
Dummies and SIDS
We found 11 observational studies (5, 14, 18, (24) (25) (26) (27) (28) (29) (30) (31) ) that consistently showed a risk reduction of about 50% if the infant used a dummy ( Table 2 ).
There were also two meta-analyses (32, 33) that gave approximately the same odds ratio of about 0.5.
Dummies and breastfeeding
A negative correlation between the use of a dummy and successful breastfeeding was found in all 14 studies (34) (35) (36) (37) (38) (39) (40) (41) (42) (43) (44) (45) (46) (47) published between 1999 and 2012 (Table 3) .
A meta-analysis that covered many of these studies (48) did not alter the finding of a strong negative association. However, five randomised controlled studies (RCTs) have been performed (49) (50) (51) (52) (53) to date. Four of them (49, 50, 52, 53) did not find that a dummy reduced the duration of breastfeeding, while one (51) found an increased risk of earlier weaning.
In 2011, Jaafar (54) conducted a meta-analysis on the RCTs carried out by Jenik (53) and Kramer (50) , which concluded that using a dummy did not affect the chance of exclusive breastfeeding at three months. Figure 2 shows the pooled odds ratios of the seven metaanalyses: three on breastfeeding and SIDS, two on dummies and SIDS, one meta-analysis based on observational studies on dummies and breastfeeding and one meta-analysis based on two RCTs on dummies and breastfeeding.
Pooled odds ratios
DISCUSSION
Breastfeeding and SIDS
The mechanism behind the beneficial effect of breastfeeding is still unclear. The most common explanation is that the risk of SIDS is increased by viral infections (55) and that breastfeeding has a protective effect on these infections (56) . There are also studies that show that breastfed infants are more easily aroused than bottle-fed ones. It has been suggested that this might be due to alterations in the neurochemical composition of the brain, for example, that the brains of breastfed infants contain different amounts of docosahexaenoic acid, which is a long-chain polyunsaturated fatty acid (LCPUFA) present in fish oil and breastmilk. However, since the beginning of this millennium, LCPUFAs have been added to infant formulas.
To summarise, there is a great deal of evidence pointing towards a risk-reducing effect, but it is not undisputed. If models could be more efficiently adjusted for social disadvantage, it is possible that the results of more studies might Remaining studies 20
Remaining studies 21
Remaining studies 13 deviate towards nonsignificance. However, breastfeeding during the first months of life is desirable for many reasons and whether or not it has a protective effect on SIDS should not affect the recommendation to breastfeed for as long as possible and whenever feasible.
Dummies and SIDS
The way in which a dummy can reduce the risk of SIDS is still unclear. It has been suggested that it could interfere with the auditory arousal threshold and modify the autonomous control of the heart. However, in another study, it has been shown that there is no difference in the number of awakenings between infants using or not using dummies. It has also been suggested that the mechanism could be purely mechanical, as sucking a dummy induces a forward movement of the mandible (57).
A position paper from the Physiology and Epidemiology Working Groups of the International Society for the Study and Prevention of Perinatal and Infant Death suggested that it is not the dummy per se that confers the protection, but that it is a proxy for something else. A very plausible suggestion is that the more arousable babies are given a dummy more frequently and that these may be innately protected, as they are more easily aroused from sleep (58).
Dummies and breastfeeding
The fact that 20 of the 21 studies found a correlation between dummy use and unsuccessful breastfeeding is a strong indication that this is a real association. The interpretation of this has been that the dummy interferes with breastfeeding initiation and continuation, which has The 'standard' group was offered a dummy and formula.
Ten maternity services at Swiss hospitals led to the practice of advising against the use of dummies in breastfeeding promotion. The ninth of the ten 'steps to successful breastfeeding' from the World Health Organization says 'Give no artificial teats or pacifiers (also called dummies or soothers) to breastfeeding infants'. However, many of these studies raise the question themselves of whether this association is real or an example of reverse causation, in that failing to breastfeed is the primary event that triggers the need to relieve the need for sucking by soothing the baby with a dummy. However, the design of the studies makes it impossible to determine the direction of the causality.
As so many of the reviewed studies showed this strong negative association, it is not surprising that a meta-analysis (48) comes to the same conclusion. However, several RCTs (despite several drawbacks, even in the well-designed ones) and a meta-analysis of the two least problematic RCTs, found no increased risk of unsuccessful breastfeeding following the introduction of dummies. These findings strengthen the case to not advise against a dummy after breastfeeding has been established, which usually occurs within two weeks in term infants.
Of course this recommendation has been discussed and one argument that has been advanced, when weighing the risk-reducing effect of dummy use against the possible detrimental effect on breastfeeding, is that cases of SIDS are rare in the first two weeks of life. It is true that the incidence peaks later, around two months of age, but a Swedish study of 128 SIDS cases between 2005 and 2010 showed that 6.3% had occurred in the first 14 days and 18% in the first month of life (59) . This poses a problem about the ideal time for introducing a dummy, which cannot be solved by general guidelines and must be decided individually for each mother-infant pair. Fig. 2 Pooled odds ratios from meta-analyses of: (+) two randomised controlled studies on the effect of a dummy on breastfeeding duration, (#) observational studies on the effect of a dummy on shortened breastfeeding, (°) observational studies on the effect of dummy use on sudden infant death syndrome (SIDS) and (*) observational studies on the effect of breastfeeding on SIDS. Shortcomings of the included studies This review is mainly based on observational studies, but five RCTs have been conducted concerning the relationship between dummies and breastfeeding.
Randomised controlled studies are the gold standard in causal inference, but noncompliance and other protocol violations can reduce their value, which to some extent is the case with the RCTs in this review. This is, of course, due to the nature of the relationship studied. However, at least it is possible to conduct an RCT on the relationship between dummies and breastfeeding. Studying SIDS by randomising dummy use or breastfeeding would be highly unethical. In these cases, we are compelled to rely on evidence from observational studies, even though they are prone to issues like reverse causation and other misinterpretations of causality. Hill's criteria may be of some use in these situations, but even they do not set sharp lines between causation and noncausation (60).
CONCLUSION
We found scientific evidence that both breastfeeding and dummy use have a risk-reducing effect on sudden infant death syndrome. The most recent studies available at the time of this review showed that dummy use might not be as harmful to breastfeeding as previously believed.
